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Introduction
SIPs and ABL properties

OThe simulation of the atmospheric boundary layer (ABL) is central to
meteorological and air quality modeling and therefore is critically
Important for the development of a highquality state implementation
plan (SIP).

OThe properties of the ABL are tightly coupled with the land surface,
and fluxes of energy, radiation and momentum at the land surface
(Figure 1- red subset).
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Introduction
ABL properties and NASA LIS

Ol ncreasingly sophisticated and det
surface are being used to inform these land surface models (LSMs)

O Many of these observations are obtained from spacebased platforms
which are capable of mapping the entire land surface of the earth with
varying degrees of spatial and temporal resolution

O Many of these spacebased land surface observations have been
l ntegrated 1 nto NASAYs Land | nforn
Peters-Lidard et al, 2007; Arsenault et al, 2018). (Figure 1 green
subset).
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Introduction
CA and PA

California and Pennsylvania are two states whose SIP modeling systems

could benefit substantially from the use of the NASA LIS / N\WRF
system.

©SJV, Allegheny County, Lancaster/Philly discussionall likely or
existing air quality violation areas that will require SIPs

O (SJV modeling challenge figure)
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highly dependent | (southern SJV); and (c) planctary boundary layer height (PBLH) at a site in
on the choice of Visalia (also southern SJV), from three WRF simulations. “5 layer”

denotes the S-layer TD LSM driven by lookup table soil moisture;
land surface “NARR” denotes the PX LSM driven by soil moisture from NLDAS-2;

model In the San “lookup table” denotes the PX LSM initialized by the default soil moisture
Joaquin Valley. lookup table. The PBLH at Visalia is derived from a radar wind profiler.




What Ys a SI|I P?

Explain briefly.

1. Pl an to reduce polluti on to higet wunde

2. State simulates meteorology for a region.

3. State then adds in estimated pollutant emissions and air chemistry to simulate
poll ution | evels (check to see I f <cur

not adj ust model i ng system).

4, St ate then experi ments with hiemi ssi on
emissions reduction plan that will put the region back into compliance.

5. This plan is the SIP- and Is submitted to EPA for approval. Then implemented.



Objective Statement

Working closely with the CARB and with the Pennsylvania Department of Environmental
Protection (PA DEP), we propose to

Oincorporate state-of-the-science land surface remote sensing into the numerical weather
models used for California and Pennsylvania SIPs.

O We will assess the impact of these changes on land surface fluxes and ABL properties in
each state

Oadjust model physics and chemistry to achieve optimal regional performance

©Owork with CARB and PA DEP to integrate these changes into their air quality modeling
systems.

These improved AQ modeling systems will improve their SIPs and any future air quality
planning or forecasting performed with these modeling systems.



Hypotheses

1. The numerical weather prediction (NWP) modeling used by each state for their
SIPs, especially their simulation of ABL properties, will be more accurate as a
result of the implementation of land surface remote sensing that improves the
modeled surface energy balance and momentum fluxes.

2. An expanded system for assessing the NWP models will increase the likelihood

that the atmospheric simulations are achieving accurate results because of
sound mechanistic behavior.

3. The improvement of ABL properties In the statdevel atmospheric modeling
systems will Improve the ability of each state to develop efficient and effective
SIPs, thus improving air quality and human health with costffective measures.
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Figure 1. Conceptual map of the proposed research. Each research action

Radiative ERSTgY and Do wmnd - e is numbered. Remote sensing observations integrated into NASA LIS are
balance mog:;:tsum in green. Observations used to evaluate the modeling system are in purple.

The coupled land surface - boundary layer system, simulated within NASA

LIS / NU-WREF, 1s represented by the “wheel of interaction” in the center
of the figure. Remote sensing and in situ observations are both integrated

into and used to assess those interactions to ensure that the SIP modeling
systems “get the right answers for the right reasons.”
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Figure 4. Topographic maps of (a) California and (b) Pennsylvania showing the surface and upper
air observation networks, including the National Weather Service (NWS) rawinsonde network,
active AmeriFlux sites, the EPA’s Air Quality System (AQS) network, the profiler network, the
Aircraft Pilot Observation (APOB) network, and the lidar ceilometer network.



Plans

We propose (Figure 1) to:

Ointegrate state-of-the science land surface remote sensing into the numerical weather modeling used
iIn California and Pennsylvania air quality modeling systems. These modeling systems are used to
design the SIPs used to attain the NAAQS. States may use these modeling systems to support
decision making activities beyond the SIPs

We will then:

Oassess the performance of this modeling system by comparing with stat®f-the-science
observations, including both land surface fluxes and atmospheric boundary layer properties, as well
as pollution concentration observations

Oexplore options within our numerical m
spectrum of evaluation metrics, with tr

guiding decisions concerning emissior

odeling system that optimize system performance across the
e aim of Improving air quality simulations as a robust tool for
mitigation

©implement the improved simulation systems in the state air quality modeling systems

A



Progress

WREF vs. Flux towers

Cropland Evergreen forest
(17 sites, mostly irrigated) (20 sites, non-irrigated)
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WWRF matches well with measurements at non-irrigated evergreen forest sites.
WWREF significantly overestimates observed sensible heat fluxes at irrigated cropland sites by
~100%



Progress

Flux tower deployments

SJV land cover and
existing AmeriFlux sites
(triangles)

Two towers will be
deployed this Autumn



